coagulation management algorithms based on point-of-care testing and goal-directed first-line therapy with specific coagulation factor concentrates such as fibrinogen concentrate and prothrombin complex concentrate have recently been shown to be associated with a reduction in transfusion requirements and transfusion-associated adverse events, and also improved outcomes and reduced hospital costs. 20 -30 Maximum clot firmness (MCF) is one of the most important ROTEM w variables. 2 4 13-18 26 -30 However, the reliability of early ROTEM w variables to predict MCF in non-cardiac patients with subnormal, normal, and supranormal MCF has not yet been evaluated for either ROTEM w or TEG
w . Therefore, we tested the hypotheses that variables obtained early during point-of-care ROTEM w tests reliably predict the MCF that will be achieved. Specifically, we tested whether clotting time (CT), clot formation time (CFT), a-angle, or early values of clot firmness (i.e. A5, A10, and A15) allow prediction of MCF in non-cardiac surgery patients with subnormal, normal, and supranormal MCF values using four different commercially available ROTEM w assays (EXTEM 
Methods

Ethics approval
This retrospective study was approved by the institutional Ethics Committee of the University Hospital Essen, Germany, and abides by the ethical principles for medical research outlined in the Declaration of Helsinki.
Data collection
We retrospectively analysed data from our database including 14 162 ROTEM w assays performed in patients undergoing non-cardiac surgery (i.e. visceral surgery and liver transplantation, severe trauma, orthopaedic surgery, neurosurgery, urological surgery, gynaecological surgery, and postpartum haemorrhage , TEM International GmbH, Munich, Germany) is a whole blood viscoelastic test measuring CTs (CT and CFT), clotting dynamics (CFT and a-angle), clot firmness (A5, A10, A15, and MCF), and clot stability over the time [CLI30, CLI45, CLI60, maximum lysis (ML), and lysis onset time]. Owing to its high resistance to movement and agitation artifacts, it can be used as a mobile point-of-care device in the operating theatre or at the intensive care unit. The ROTEM w device provides four independent measuring channels and uses several test assays with two different activators. All assays analysed in the present study were performed according to the manufacturer's instructions using commercially available assays by a limited number of trained anaesthetists and nurses. In our institution, ROTEM w analysis is routinely performed at certain time points during liver transplantation and in cases of diffuse bleeding during other kinds of surgery. For screening purposes, we routinely perform different extrinsically activated assays (EXTEM w (MCF,9 mm) were calculated using receiver operating characteristics (ROC). 35 36 Results for ROC analyses are given as area under the curve (AUC), P-value, sensitivity [95% confidence interval (CI)], and specificity (95% CI). Optimal cut-off values (threshold) were calculated as the Youden index. 37 Where applicable, a P-value of ,0.05 was considered statistically significant.
Results
Descriptive data
Data were collected from our database of patients undergoing different kinds of non-cardiac surgery (visceral surgery and liver transplantation, severe trauma, orthopaedic surgery, neurosurgery, urological surgery, gynaecological surgery, and postpartum haemorrhage 
Spearman's correlation
Correlation coefficients for all variables and assays analysed are listed in Table 3 . Specifically, CT showed neither good linear nor non-linear correlation (r¼0.18-0.49). Accordingly, no line of agreement is given in the figures (Figs 1A and 2A). CFT (Fig. 1B) and a-angle (Fig. 1C) Table 4 .
Difference in patients presenting subnormal, normal, or supranormal MCF values
The bias for A10 values of EXTEM w and FIBTEM w in patients with subnormal (MCF,50 or ,9 mm, respectively), normal (MCF 50 -70 or 9-25 mm, respectively), and supranormal MCF values (MCF.70 or .25 mm, respectively) and pooled data as obtained from the Bland -Altman analyses are presented in Table 2 , and also the respective Spearman's coefficients r for linear regression. Table 5 as AUC with respective P-values and calculated optimal cut-off values (thresholds) with respective sensitivity (95% CI) and specificity (95% CI).
Receiver operating characteristics
Discussion
Our retrospective study analysing data of 14 162 ROTEM w assays from non-cardiac patients demonstrates that early values of clot firmness (A5, A10, or A15, respectively) serve best in approximating the MCF achieved in ROTEM w measurements. In contrast, CFT and a-angle performed worse and furthermore showed non-linear correlation, making it difficult to apply clinically. CT showed the worst correlation with MCF and seems not useful for the prediction of MCF.
In EXTEM w , the bias between A10 and MCF decreases slightly with increasing MCF. This might be due to progressive platelet retraction in the case of a high platelet count or platelet hyperreactivity. 38 However, the difference between the bias in the group presenting subnormal MCF values and the bias calculated for all EXTEM w analyses is only 1.05 mm (about 2% of the corresponding MCF). Therefore, this can be neglected for therapeutic decisions. In patients presenting supranormal MCF values, the bias is remarkably lower [5.64 (4.87) vs 10.03 (3.86) mm], but in this patient population, a procoagulant haemostatic intervention is not indicated.
Notably, in FIBTEM w , the bias between A10 and MCF increases with increasing MCF. This might be due to progressive fibrin polymerization due to high plasma fibrinogen concentrations. Since the bias in patients presenting subnormal MCF values is 1.49 mm lower compared with that in the whole patient population, the calculated dose of fibrinogen substitution tends to turn out a bit lower (about 10 mg fibrinogen per kilogram bodyweight). 29 On the other hand, the risk of fibrinogen overdose is reduced by this difference in the bias. MCF in FIBTEM w assays has been demonstrated to correlate well with plasma fibrinogen concentration in patients undergoing major surgery or liver transplantation or suffering from trauma or postpartum haemorrhage. 3 13 15-18 39 Accordingly, fast and reliable assessment of plasma fibrinogen concentration is of interest since plasma fibrinogen concentration and MCF in FIBTEM w assays have been shown to have an excellent predictive value for perioperative bleeding complications and need for massive transfusion in trauma, scoliosis surgery, postpartum haemorrhage, and cardiac surgery. 2 17 40-43 Furthermore, FIBTEM w -guided administration of fibrinogen concentrate has been shown to be associated with reduced transfusion requirements in patients after severe trauma or undergoing Table 3 Spearman's correlation coefficient r for each ROTEM Fast interpretation of thromboelastometry BJA major surgery without an increased incidence of thromboembolic events. 20 23 -30 44 Accordingly, an early and reliable assessment of plasma fibrinogen concentration and the detection of fibrin polymerization disorders by MCF in FIBTEM w assays should accelerate clinical decision-making with regard to therapy with fibrinogen containing blood products such as fresh-frozen plasma, cryoprecipitate, or fibrinogen concentrate. Furthermore, FIBTEM w provides not only an alternative assessment for plasma fibrinogen concentration but also adds additional information on fibrinogen polymerization defects due to dysfibrinogenaemia, often present in liver cirrhosis, colloid infusion, or factor XIII deficiency. 45 In addition, hydroxyethylstarch solutions can evoke erroneously high fibrinogen concentration measurements yielded by coagulation analysers based on optical measurements. 46 Thus, assessing FIBTEM w MCF seems to be preferable to assess fibrin polymerization in patients after infusion of colloids, such as hydroxyethylstarch solutions. It is important to consider that ROTEM w results are influenced by haematocrit. Reduced haematocrit results in increased plasma fraction in the whole blood sample which can result in increased MCF. According to our data, early values of clot firmness can be used as an alternative assessment of MCF. A5 or A10 values in FIBTEM w assays can predict MCF. Based on our data, it seems appropriate to use A5 values by adding 4 mm (+3 mm) or A10 values by adding 3 mm (+2 mm) to predict MCF when using FIBTEM w assays. The difference in bias in FIBTEM w assays between patients with subnormal and normal MCF values was very small (,1.5 mm) and therefore, can be neglegted for clinical decision making.
MCF in EXTEM w , INTEM w , and APTEM w assays, respectively, is influenced by both, fibrinogen concentration/fibrin polymerization and platelet count with platelets responsible for the main part of clot firmness. MCF in EXTEM w assays correlates well with platelet count and allows detection of thrombocytopenia during orthotopic liver transplantation. 16 18 39 For EXTEM w assay, 19 mm (+5 mm) have to be added to A5 values or 10 mm (+4 mm) to A10 values in order to approximate MCF. However, early parameters of ROTEM w are not clinically interchangeable with TEG w results because clot formation kinetics are strongly influenced by different reagents. 50 In conclusion, our data demonstrate that early values of clot firmness allow for fast and reliable prediction of ROTEM w MCF in non-cardiac patients with subnormal, normal, and supranormal MCF values and therefore can be used to guide haemostatic therapy in severe bleeding. We recommend the use of A5 or A10 values since they exhibit an excellent linear correlation to MCF with a fixed bias for each ROTEM w test. This enables easy and fast calculation of MCF and a calculated targeted haemostatic therapy in daily clinical practice. We recommend using A10 values in routine and A5 values in the case of severe life-threatening bleeding. In contrast, CT, CFT, and a-angle correlate poorly and non-linearly to MCF which makes them inappropriate to guide haemostatic therapy with regard to clot firmness in severe bleeding. However, this does not impair their value to estimate thrombin generation in this setting. 
